Abstract: BACKGROUND: Chronically ill and ageing populations demand increasing human resources who can provide on-going and frequent follow-up care. We performed a systematic review to assess the effect of physician-nurse substitution on process care outcomes. METHODS: We searched OVID Medline, Embase, CINAHL and The Cochrane Library for all available dates up to August 2012 and updated in February 2014. We selected and critically appraised published randomised controlled trials (RCT) and followed the PRISMA guidelines for the reporting of systematic reviews. RESULTS: A total of 14 RCTs comprising 10,743 participants met the inclusion criteria. Studies were generally small and suffered from attrition of 20% and selection biases. There were 53 process measurements investigated in the 14 RCTs, many of which were unique to specific conditions. Accounts of nurses' roles, responsibilities, tasks, qualifications and training content/components were not described in sufficient detail. Most study estimates showed no significant differences between nurse-led care and physician-led care while less than a half ( 40%) favoured nurse-led care. CONCLUSIONS: Despite the methodological limitations and the varying nurses' roles and competencies across studies, specially trained nurses can provide care that is at least as equivalent to care provided by physicians for the management of chronic diseases, in terms of process of care. Future, larger studies with better quality methods are needed and should report and assess whether the differences in effects vary due to diversity in roles, qualifications, training competencies and characteristics of clinicians delivering substitution of care. Summary BACKGROUND: Chronically ill and ageing populations demand increasing human resources who can provide ongoing and frequent follow-up care. We performed a systematic review to assess the effect of physician-nurse substitution on process care outcomes. METHODS: We searched OVID Medline, Embase, CINAHL and The Cochrane Library for all available dates up to August 2012 and updated in February 2014. We selected and critically appraised published randomised controlled trials (RCT) and followed the PRISMA guidelines for the reporting of systematic reviews. RESULTS: A total of 14 RCTs comprising 10,743 participants met the inclusion criteria. Studies were generally small and suffered from attrition of ≥20% and selection biases. There were 53 process measurements investigated in the 14 RCTs, many of which were unique to specific conditions. Accounts of nurses' roles, responsibilities, tasks, qualifications and training content/components were not described in sufficient detail. Most study estimates showed no significant differences between nurse-led care and physician-led care while less than a half (~40%) favoured nurse-led care. CONCLUSIONS: Despite the methodological limitations and the varying nurses' roles and competencies across studies, specially trained nurses can provide care that is at least as equivalent to care provided by physicians for the management of chronic diseases, in terms of process of care. Future, larger studies with better quality methods are needed and should report and assess whether the differences in effects vary due to diversity in roles, qualifications, training competencies and characteristics of clinicians delivering substitution of care.
Introduction
The need for healthcare services is becoming more heterogeneous as the burden of chronic diseases and population ageing spreads rapidly. Chronically ill and ageing populations are expected to rise as the main users of healthcare services until at least mid-twenty-first century. Consequently, these populations are bound to have more extended care needs (including psychosocial and behavioural support) and an increased demand for human resources. A WHO report however, showed the global number of health care providers, namely physicians, nurses and midwives, remains lower than required per 1,000 population [1] [2] [3] . By 2011, 57 countries were still facing a critical shortage of these health workers including regions in Africa, Eastern Mediterranean, South-East Asia, Western Pacific, Americas and Europe [4] . Factors greatly contributing to this shortage include the low flow of primary care physicians (less graduates selecting and remaining in the primary care sector), changes in the working culture (e.g. newer generations of physicians working fewer hours than prior generations) and trends in retirement [5] . These changes have provided plenty of opportunities to create innovative staffmix models [6] . It has long been suggested that nurses should perform greater roles and be granted full practice [7] . Indeed, nurses already provide an increasingly important contribution in primary care and although decreasing in number, they are still one of the largest groups of qualified healthcare professionals and they are also less expensive than physicians. Therefore their role for substituting physicians has gained increasing interest from policymakers hoping to address workforce shortages and maldistribution of workload, while reducing costs, especially in the care for the chronically ill [2, 8] . However at this time, it has been difficult to demonstrate how best to integrate nurses in a substitution model of care. Especially with the variability in definitions of nurses' roles and the diversity of competencies among roles with the same name or differing roles and skills among healthcare systems, this integration may seem doubtful. Nevertheless, nurses' education keeps evolving in order to adjust to new demands in healthcare and nurses continue to support physicians in many areas in many countries. Substitution may take place in a wide range of care settings and/or clinical areas. It involves the transfer of tasks which are traditionally from the domain of physicians, to nurses who then take autonomous or delegated responsibilities to deliver care. In 2002 and 2005, two systematic reviews explored the substitution of physicians by nurses in primary care and concluded with no appreciable differences between nurseled care and physician-led care in terms of health outcomes (patient satisfaction, quality of life, other morbidity), use of resources and healthcare costs [9, 10] . However, authors found insufficient data on process outcomes other than length of consultations, amount of prescriptions and investigations, consultations and referrals. The identified evidence also had methodological limitations and lacked clear reporting of nurses' roles (qualifications and training) and on the use of guidelines. We performed a timely update of previous reviews [9, 10] with a focus on the process of care outcomes, other than those examined in the mentioned reviews, and on the type and degree of nurses' competencies.
Methods
This study was part of a large systematic review and metaanalysis project designed to assess the evidence of physician-nurse substitution in primary care. The methodological procedures of this systematic review are similar to those employed in the reviews of this project reported elsewhere [11] . We developed a protocol prior to the commencement of the review and followed the PRISMA guidelines [12] for the reporting of systematic reviews and meta-analyses (additional file, table S1).
Study inclusion and exclusion criteria
We searched for peer reviewed randomised or quasi-randomised (e.g., controlled before-and-after studies, interrupted time series) controlled trials (RCTs) published in English. Studies were eligible if they fulfilled the following criteria: examined populations of all ages and all conditions including mental health and addiction restricted to primary care; assigned patients to nurse-led care (all nurse roles) or physician-led care (family physicians, paediatricians and geriatricians) based on a substitution model; and if care interventions had taken place in general practices, community or ambulatory care settings regardless of the recruitment sources. We further limited the inclusion of studies to the report of process of care outcomes, which meant measures that reflected whether clinicians performed certain steps in diagnostic and treatments that are considered to be state of the art based on guidelines or good clinical practice (e.g. specific examinations/diagnostic tests, compliance with monitoring schemes). Following a framework published by a Cochrane review [10] , we excluded studies in which nurses supplemented (i.e. complemented or extended care) the work of physicians or in which the effect of nurse-led care could not be distinguished from collaborative teams. We excluded measures of quality of life, satisfaction, mortality, hospital admissions, progression of disease and other clinical parameters.
Study identification and search strategy
We comprehensively searched OVID Medline, Embase, CINAHL and The Cochrane Library which includes the Cochrane Effective Practice and Organization of Care Group (EPOC). The original search was supported by an expert librarian. All searches were first performed for all available dates until August 2012. The searches were not restricted by age, date or country and included terms for 'primary care', 'skill mix', 'doctors', 'nurse', 'substitution' (additional file, table S2). We identified additional studies by manual searching of the reference lists of included studies and relevant reviews. Both electronic and manual searches were updated in February 2014.
Assessment of study quality
In view of the continuing debate about scoring the quality of trials, discussed by Juni et al. (1999) [13] , a composite score was not performed. We assessed the risk of bias of individual trials following established criteria [14, 15] and provide a description of the studies' adequacy regarding each item and an overall judgment of the quality of evidence. We considered bias due to attrition of at least 20% to be of significant concern and adequate intention-to-treat (ITT) when authors analysed participants based on their original group allocation [16] .
Selection and assessment of studies
Two authors independently screened titles and abstracts, assessed the full-text of eligible publications and the risk of bias of included studies. Differences were resolved in discussion or by consensus with another author.
Data extraction
Two authors independently conducted data abstraction using a-priori designed and standardised data collection forms. We extracted information on bibliographic details, settings and characteristics of populations, interventions (nurses' training competency and role, type of care, whether nurses were granted full clinical autonomy and whether interventions were delivered following specific protocols or guidelines, length of follow-up) and outcomes. Using the description of interventions and qualifications reported by study authors we grouped nurses' training and roles into: nurse practitioner (NP) or nurse practitioner (NP+) who took or already had -for the purposes of the study-higher degree courses or had a specialisation; registered nurse (RN) or licensed nurse (LN). We also extracted quantitative and semi-quantitative data in dichotomous and/or continuous format. Data from trials reported across more than one publication were extracted as one study. If trials reported more than one comparison group of interest (e.g. family physicians and paediatricians), data were combined and compared as one to nurse-led care. We did not contact study authors to obtain additional information or data. Differences were resolved through consensus.
Statistical analyses
There was mostly one study per outcome thus we did not perform meta-analyses nor did we pre-specify subgroup analyses by clinical or methodological (risk of bias) characteristics. Where data were sufficiently reported, for each study outcome we calculated the unadjusted relative risks (RR) or the standard mean differences (SMD) and 95% confidence intervals (CI) of the absolute endpoints, using Review Manager (Version 5.1) [17] . We considered p <0.05 as statisticaly significant. The calculated effect sizes were tabulated with information on nurses' roles and studies were arranged, within outcome categories, in increasing length of follow-up. The results were synthesised qualitat-ively. When scales pointed in opposite directions, we subtracted the mean from the maximum possible value of the scale or multiplied the mean of a set of studies by -1. We followed reported techniques to estimate standard deviations (SD) when these were missing [15] : using the information from the reported statistical analyses (e.g. from median and interquartile ranges), and if SDs of the final measurements were unavailable, we carried forward the baseline SDs assuming the intervention did not alter the variability of the outcome. Medians were treated differently from means and are reported distinguishably.
Results

Study identification
A total of 4,589 original records were identified by the electronic and manual searches. Of these, 44 publications were relevant, but 24 were excluded for the reasons provided in table S3 (additional file). Finally, 14 RCTs reported in 20 publications, met the inclusion criteria and comprised a total of 10,743 randomised participants [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Figure 1 shows the process of study selection. Table 1 and table S4 (additional file) show the study and population characteristics of included studies. All RCTs individually assigned participants to intervention and control groups and were conducted in the UK (n = 6), the Netherlands (n = 5), the USA (n = 2), and Russia (n = 1). Median follow-up was 12 (range 0.5 to 48) months with at least 12 months in 7 trials and less than 12 months in the other 7. The number of participants ranged from 60 to 1,859 with less than 200 (range 60 to 175) in six trials and more than 200 (range 230 to 1,859) in the other eight. Age was reported in twelve trials. Mean age ranged from 11.2 (SD 2.9) to 69.5 (SD 10.6) years in ten trials and age ranged from 0 to 83 in other two. In 13 RCTs that reported on gender, 49% of the population were male (range: 27 to 64%).
Study and population characteristics
Figure 1
Flow diagram -study selection process. Table 2 and table S4 (additional file) report the characteristics of settings and interventions. Nurses worked as physician substitutes in physicians' practices, nurse clinics, hospital outpatient clinics, reference clinics, and medical health centres. A total of 10 trials reported the number of participating nurses and/or physicians. In ten, the median number of nurses was 7.5 (range: 2 to 28) while in seven, the median number of physicians was 14 (range: 5 to 50). The location of practices (rural or urban) and social settings were scarcely reported. Nurses delivered care for a wide range of possible (diverse/undifferentiated/minor acute/common) or specific conditions (e.g. hypertension, heart failure, diabetes, HIV, etc.). Care provided ranged from single contact care, on-going care, first contact only care, first contact and on-going care, and first contact for urgent care. Only four trials [25, 27, 30, 36] reported the nurses' years of experience (range: 0.17 to 12) and only one [25] reported that physicians had 16 years of experience. Nine trials employed NPs (NPs or NP+), and the rest employed LNs and/or RNs and/or NPs. Nurses were either enrolled as staff, took courses or already had professional qualifications by the time of participating in the study. Unfortunately, the educational preparation of nurses was reported insufficiently. Only four studies specifically stated that nurses had obtained an academic degree either a Masters in Advance Nursing [25] , a Diploma in General Practice and implied an NP degree [30] , a special degree in patient education [18] , or had done a degree level course [36] . The terminology used by study authors to refer to participating nurses in the studies did not provide a straightforward definition of the various nurses' educational degrees from the countries, at least for the UK, Netherlands and Russia. For example, a NP in the US requires a graduate degree whereas the UK did not seem to have a minimum educational requirement until this was recommended in 2012 for advanced NPs [38] . A "hypertension nurse" may then refer to a NP or a practice nurse both of whom are specialists in hypertension but each of whom might hold different educational degrees, for example basic education at diploma or degree level plus/or a bachelor's or a master's degree. The content of training or experience was often not described in detail. The lack of this information impeded a detailed assessment of the level of education and competencies, and the identification of common components across trials. All studies however, seem to assume that nurses fulfilled the appropriate clinical competency to deliver the study interventions. Responsibilities and tasks also varied across trials and were often incomplete. Nurses had full clinical autonomy in only two trials: one in patients with undifferentiated conditions [26] and one in diabetic patients [28] . In the remaining trials, nurses independently performed several tasks, but they still needed minor support from physicians, for example to report findings, sign prescriptions, referrals and hospitalisations, or to discuss patients' records. Ten trials reported nurses' interventions followed specific guidelines or protocols.
Settings and interventions
Risk of bias in the methods of the included studies
The overall quality of studies varied substantially when assessed against current reporting standards [14] (table 3) . In-
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Swiss Med Wkly. 2015;145:w14031 clusion and exclusion criteria were reported in 71% of the trials and funding sources in 64% of the trials. The success of the intervention was measured by defining a primary outcome in 50%. Among all trials, random sequence generation was adequate in 57%, allocation concealment in 50% and both criteria were adequate in 43%. No trial blinded both patients and providers. Patients were blinded in one trial, and outcome assessors were blinded in 36%. Patient or clinician crossover between groups was reported in two trials. Sample size calculation (80 to 90% power) was performed in 79% of the trials but only five maintained the required sample to achieve power. At baseline, patient groups were comparable for all tested factors in 71%. Attrition rate was ≥20% in 43%. Missing data (range 5 to 42%) was dealt with intention to treat (ITT) techniques in 29%.
Effectiveness of interventions
We identified 53 measurements of process of care reported in the 14 RCTs. Of these, 34 were reported in ten trials in which nurses cared for patients with specific conditions. The other 19 process of care measures were reported in four trials in which nurses cared for patients with more general conditions. Table 4 and table 5 show the individual trial estimates calculated from reported data.
Adherence to practical guidelines
Adherence of clinicians to practical guidelines was nonsignificant between groups in one trial [25] .
Blood pressure management according to guidelines
Blood pressure management according to guidelines showed significantly more patients in the nurse group, compared to physicians, met a composite target (SBP and Studies are listed by year (y) of publication, in decreasing order. NL = The Netherlands; UK = United Kingdom; US = United States; RU = Russia; NR = not reported; DM(2) = diabetes mellitus (type 2); GORD = gastro-oesophageal reflux disease; CVD = cardiovascular disease; COPD = chronic obstructive pulmonary disease; CHD = coronary heart disease; SD = standard deviation. * Start and end year when studies were conducted † General physicians ‡ Paediatricians § Reference practices for comparison on economic/cost data ¶ Number of randomised patients per group not reported
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Swiss Med Wkly. 2015;145:w14031 Studies are listed by year (y) of publication, in decreasing order. NL, = The Netherlands; UK = United Kingdom; US = United States; RU = Russia; NR = not reported; DM(2) = diabetes mellitus (type 2); GORD = gastro-oesophageal reflux disease; CVD = cardiovascular disease; COPD = chronic obstructive pulmonary disease; NP = nurse practitioner; NP+ = nurse practitioner with higher degree/ course; RN = registered nurse; LN = licensed nurse; FCA = full clinical autonomy; GDLs = whether interventions guidelines or protocol based; 1st C = 1st contact; UV = urgent visits; OC = on-going care; C(n) = number of consultations; FUP = follow-up episodes in months; NR = not reported; AC = after consultation.
DPB, mm Hg: RR 1.1, 95% CI 1.06 to 1.13, p <0.00001) [20] and systolic blood pressure target (SBP, mm Hg RR 3.14, 95% CI 1.38 to 7.19, p = 0.007) [24] . However, the effect did not sustain at 48 [20] or 14 months [28] and was non-significant for DPB only [24] .
Lipids
Significantly more patients in nurse-led care, compared to physicians, had appropriate secondary prevention of heart disease through the adequate management of lipids at 12 months following specific guidelines in one trial (RR 1.91, 95% CI 1.59 to 2.29, p <0.00001) [20] . However, these differences were non-significant at 14 or 48 months.
HbA1c
One trial showed no significant differences between nurseled care and physician-led care in the number of patients who met the target values of glycated haemoglobin (HbA1c) according to guidelines for the management of diabetes mellitus type 2 at 14 months (HbA1c <7.0 or HbA1c ≤8.5) [28] .
BMI and waist circumference
In one trial, compared to the physicians group, there were significantly more patients in the nurse group who had a decrease or regression in body mass index (BMI) at 6 months (RR 1.51, 95% CI 1.05 to 2.17, p = 0.03) [18] but the mean differences between groups at 12 or 14 months were non-significant in other two trials [28, 37] . One of these also showed significantly more patients in the nurse group who had a decrease or regression in waist circumference at 6 months (RR 2.36, 95% CI 1.34 to 4.16, p = 0.003) [18] .
Asthma
Individual point estimates of one trial showed, compared to physician-led care, significantly more patients with a correct inhalation technique at 12 months in the nurse-led care group (RR 1.33, 95% CI 1.01 to 1.74, p = 0.04) [27] , but the effect was non-significant at 24 months. In another trial, the differences between groups in the number of patients with well-controlled asthma were non-significant at 12 or 24 months [31] .
Feet at risk
Compared to patients in physician-led care, there were significantly less patients with feet-not-at-risk in the nurse-led care group (of the patients who underwent measures to prevent the development of diabetic foot symptoms) (RR 0.59, 95% CI 0.42 to 0.82, p = 0.002) [28] .
Visuomotor coordination
There was a significant improvement in best hand score in patients with nurse-led care, compared to patients in the physicians group in patients with Parkinson's disease in one trial (MD -4.31, 95% CI -4.52 to -4.11, p <0.00001) [29] .
Appropriate secondary prevention
Individual point estimates from one trial [20] showed significantly more patients with nurse-led care, compared to physician-led care, had appropriate secondary prevention of heart disease through the adequate management of aspirin intake (taken or contraindicated) (RR Conversely, there were no significant differences between groups in the number of patients who had appropriate secondary prevention of heart disease through non-smoking at 12 or 48 months [20] or smoking cessation for asthma/ COPD at 24 months in one trial [27] .
Adherence to treatment, correct medication and diet Adherence to treatment (in patients under anti-inflammatory agents) was non-significant between groups neither at 12 nor at 24 months in one trial [27] . Another trial showed a marginal significance that favoured the nurse-led care group in the number of patients who adhered to milk as part of their nutritional diet (RR 0.62, 95% CI 0.38 to 1, p = 0.05) [26] but no significant differences between groups in the number of patients who adhered to a special diet, bread taking, or with correct medication, at 6-12 months.
Patient information and knowledge
Seven trials reported on various types of provision of information, advice from clinicians or patient knowledge. There were generally one or two trials per outcome type.
Nurses provided significantly more information than physicians on the causes of health problems or illness [22, 30] in two of the three trials with these data. Nurses also gave significantly more advice about relief of symptoms, duration of illness, how to reduce recurrences and what to do if problems persisted in one [30] of two trials [25, 30] ; as well as more advice on self-medication and self-management [36] , special exercises [26] , and provided leaflets about patients illness [22] . Patients' knowledge about the complications of disease was non-significant between groups [26] .
In another trial, although data was collected, results were not reported [32] .
There was no evidence of worsening outcomes with nurseled care compared to physician-led care.
Discussion
Substitution of physicians by nurses has increased the possibility of achieving the quality outcomes required to satisfy the demands of an aging population and the shortages of physicians in many countries. We found however that the number of studies in this area is only increasing slowly despite previous reports [9, 10] . The studies were generally small and none fulfilled all quality criteria. More than 40% of the studies suffered from selection (lack/unclear allocation concealment and random generation) and attrition (≥20%) biases, and very probable publication bias since our review was limited to the published literature. Only a few studies maintained the sample required to achieve power and the length of follow up varied widely. It may not be surprising that most of the evaluated trials were conducted in Europe, mainly the UK, and the Netherlands. In the USA and Canada medical care has evolved to a shared role since NPs and physicians' assistants were introduced or reinvigorated, both in the mid-1960s [39] . However, the USA is still in great need of more nurses to level out the shortage of primary care physicians [40, 41] . In the UK on the other hand, the introduction of nurses in advanced roles did not happen until early 1970s and the role of NPs were not consolidated until 1990 [42] . The studies generally assessed a large variety of process of care outcomes, sometimes with many unique measurements per study but only 38.3% (13/34) of those taken in patients with specific conditions and 42.1% (8/19) related to general conditions, significantly favoured nurseled care compared to physicians. The remaining studies showed non-significant differences. The competencies to treat the elderly and the chronically ill may differ among different types of nurses or physicians.
Research has reported a reduction in mortality, failureto-rescue rates, ulcers and length of stay after increasing the proportion of nurses who possess a bachelor's degree [43] [44] [45] [46] [47] . However, unless stated by study authors, the evaluated literature does not offer sufficiently reported details on nurses' educational level. The literature reflects an overuse of terminology for nurses' job titles. In addition, nurses' qualifications did not seem consistent among these, although nurses had received training to deliver the interventions. Nor was it possible to make clear judgments about nurses' educational level by using a country's definition of the terminology that authors used to refer to nurses.
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This is not surprising. In many countries, until recently a person did not have to hold a Bachelor's degree in Nursing to be a nurse and nowadays nurses might have a masters or PhD degree. A nurse practitioner (NP) programme in the US for example requires a graduate degree [48] . In the UK, nurses working in NP roles were registered nurses who had undertaken a specific course of study to at least first degree (honours) level in 2008. By 2012, any nurses educationally prepared at bachelor's or master's level against the Royal College of Nursing competencies were entitled to be referred to as Advanced NPs [38] . This title requires a master's degree in Wales but not necessarily in the other three countries of the UK. Whether nurses' educational preparation or job titles (e.g. NP) with different educational degrees make a difference in the observed effects evaluated in this review cannot be concluded from the studies in question and should be examined further.
Accounts of responsibilities and tasks also varied across trials and were not described in sufficient detail. Due to the insufficient description of training content, we could not identify a common component across studies. In addition, it was generally assumed that nurses had the required competence to substitute physicians. However, the level of substitution (clinical autonomy) differed among trials and nurses seemed dependent of doctors' supervision in most studies. This may suggest the importance of collaborative models of care. Research has shown that team approaches in which nurses, physicians and other clinicians work collaboratively, might lead to better outcomes [49] . The implementation of inter-professional care management programmes should also be considered in future research. The use of process guidelines or protocols to deliver the interventions was reported in nearly 75% of the studies which suggests that adherence to treatment, diet and provider guidelines can result in nurse care better or similar to Table 5 : Individual trial estimates from continuous data. that of physicians. In fact, the use of evidence-based clinical guidelines has shown effective improvement in the process and structure of care [50] , and has been reported to aid the transfer of tasks between clinicians while maintaining and improving the quality of care [51] . The lack of reporting in adherence to guidelines or protocols in the other 25.6% of the studies may just be an indicator of the level of adherence and availability of guidelines in practice. These differences may result from the time and method of development, type of health problem, content of recommendations, and source of dissemination within others [52] . The finding that nurses are significantly more likely than physicians to provide life-style advice and information about various aspects of disease is consistent with previous reviews [9, 10] , research reporting positive associations of nurse lifestyle interventions in the prevention of chronic disease [53] and reports showing patients' appreciation to nurses' involvement especially in education and counselling [54] . Despite all limitations, no study showed harm of nurse-led care interventions compared to physician-led care. Trained nurses seem to provide equal or better care compared to physicians for the management of chronic disease through process of care measures, within their scope of practice. We speculate that, regardless of the healthcare system in which nurses substitute physicians, and given the heterogeneity in patient populations, settings and interventions, the reasons for these effects may be that specific components of nurse training and competency are shared among studies (e.g. patient education). Another possibility is that nurses may adhere to process care guidelines and protocols better than physicians. In addition, individual trial estimates suggest that the effects of interventions may only be significant at short term (≤12 months), for some conditions such as asthma and COPD. These factors may have a significant impact on the continuity and quality of patient care and should be investigated in future studies.
Reference details
Strengths and limitations of this systematic review
To our knowledge, this is the first systematic review of physician-nurse substitution with a focus on process of care outcomes. Our review updates earlier systematic reviews [9, 10] and uses a comprehensive search of the literature and critical appraisal of RCTs which are at lower risk of bias than other study designs [14, 55] . A particular strength of our review is that we examined individual trial data in relation to nurses' competencies and roles. It was however often difficult to understand in detail the role and responsibilities of nurses when substituting physicians. In many cases, nurses remain embedded in care teams that also involved physicians. It was also difficult to determine the nurses' level of education and whether the training competencies were appropriate for the type of care delivered. In many cases the description of training content is insufficient and limited the identification of common program components across studies. We excluded studies in which nurse-led teams were compared to physician-led care in a primary care base because of the potential confounding in the type of care/tasks (e.g. specialised vs. routine) and the type of clinician delivering the interventions. A limitation of the literature is the small number of studies that met the inclusion criteria. Although we did not search for grey literature and included publications in English only, we used thorough electronic and hand searches including the screening of relevant reviews (some in foreign languages). We did not contact study authors to further obtain or clarify missing information.
Conclusion
Our systematic review suggests that, in terms of process of care outcomes, special trained nurses can provide care that is at least as equivalent to care provided by physicians for chronic diseases such as diabetes, cardiovascular disorders, asthma, COPD, and hypertension. One limiting factor is the small number of studies reporting many unique processes of care measures. It is unclear whether the observed effects are due to the diversity in nurses' competencies, roles, and experiences. It is also unclear whether the components or contents of training competencies boost these effects. Future studies could benefit from the inclusion of larger samples, a more rigorous methodology, longer follow-up episodes, and mapping the wider range of nurse care from many countries. Consideration should be given to the role of multidisciplinary teams in which nurses embed their roles. Qualitative research could also add valuable information since it may allow the identification of factors that influence the performance and quality of care within the context of health care systems [56] . Future studies should especially provide precise accounts of the components of competencies or training programmes, and the qualifications, tasks and responsibilities of clinicians delivering substitution of care. In particular, the reporting of complex interventions according to recently proposed guidelines [57] may help establishing better reporting of substitution of care studies in the future. Consequently improving the interpretation of results and allowing the replication of interventions, so that future evaluations in decision-making can employ such evidence. of studies and on extraction of reported data. SD: contribution to the design and conceptualisation of the study; screening of titles, abstracts and full texts; acquisition of data and quality assessment. All authors read and approved the final version of the manuscript to be published. 2 ) for each meta-analysis.
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Ref. # Reference to study Reason for exclusion
No real substitution. At least 30% of patients in both groups were seen by the physicians at the end of study and data not split into mutually exclusive groups. No real substitution. At least 30% of patients in both groups were seen by the physicians at the end of study and data not split into mutually exclusive groups. 
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